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ABSTRACT

Thenternational(GPSCerviceIGS ))@volveddromOAGpilotOprojectfduring 9920And
199300ntoChTulllBervicelbTAA GCbnanuaryl ,001994.CAGSYeliesCbnCvoluntary
contributionsidflthorefhanA0Gksearchi@ndldovernment@gencies.dibldrganized@long
constituentChcomponentsDofCdcontinuouslyCoperatingDdGPSOstations,d0DataCICenters,
AnalysisentersAnd@CentralBureau.dForGS ,GhelinternationalGoverningBoard
providesOhelCdognizantCauthorityChnderegularlyChpdatedCT ermsCdfTR eferencelsCa
charter.CAOMniqueeatureCofOdGSOsOhatfiheOdGSAnalysistCenterCdoordinationCAnd
officialCproductCenerationChreCexternaldodhed0GSCentrallBureau.LCTheCAnalysis
Centersd ACs)DplayChnOmportantCioleOvithinCdthedGS ,ChddressingCever-increasing
demandsObrdewlProductsf@ndiinprovedrecisiondbSupportldhanginglande wPS
applications.[The[ACs[dontribute[@ignificantl yoheldurrent@ndutureldirectionsldf
IGS, @ hichiWasldemonstratedhostkcentl y@tEndG ShktreateldihIDecember997.

ACRoordinationCAndCdherencelol@he[dommonDObrocessing@tandardsCiremportant
andmecessarydbrithelSuccessAfIGSEAndOsEroducts,fhoughfreedomibihnovate@nd
newliksearchl@pproaches@reldquallyldssentialldndldncouraged . MFormatldevelopment,
modelCktandardization,CprocessingC-ocumentation,[k-mailldiscussionsChsCwellChs
annualCA COvorkshopsChavelbecomelhnOntegralCpartCodfTihedGSCA CEoordination.
However,[by¥arltheChostDbignificantOOmpactChasCbeenRhroughCthedGSCproduct
combinations.LTheC#ffectiveCACOEolutionCéomparisons,deedback Oree[2xchangeldf
researchOdeasChndOesults,CbftenConnectedOvithCIGSCproductCombinations,Chave
resulted@mostih@nldrderdflthagnitudeldrecisionmnprovementsdflA Cdolutions@nd
IGSroducts€ince994.[ThislEx perience, fhoughhithayBelSpecificlandiniqueliblihe
GPSOechnique,CeouldCbeChisefulChindChpplicabledoCB LRCAndOheChewdnternational
SLR/LLRService.

INTRODUCTION

ThenternationalGPSC3ervicelorGeodynamics,Oecentlyenamedhelnternational
GPSCPervicedIGS),évolveddromAOhreeOnonthCzampaignBtartingnCune,[ 992,
followed[byChpilotDprojectillThelendCH 993.C0GSChasCbfficiallyCtartedChsChn
International[Association[dflGeodesyllIAG)¥erviceldndanuaryd,[1994.03incel1 996
IGSOkAGhemberldfTiheFederation[dfTA stronomicallAndGeophysicallDatalAnalysis
ServicesIFAGS).[Thel@rimaryldoal[dfIIGSOkEbEupportiAididehngeldflScientificnd



practicalClGPSChpplications,dncludingCtheCmostCpreciseCbnes,ChuchChsCelobalChnd
nationallerrestrialiferenceltalizations,[deodynamics,Marthbtationthonitoring,[dtc.
ThisOsChccomplishedCbyCtontinuouslyCinakingCavailable, OnCAllimelyCinanner,Chigh
qualitylrPSOrackingfdatalndfhelssociatedMolutionProducts,[uchsthe[oldalled
‘core’products,onsistingldfCpreciselGPSEatelliteCdrbits,[elockCEorrections,[Earth
rotationOparametersc{ERP)CindOheltorrespondingCdtation[EoordinateE3olutions.CThe
IGSBolutionOproductsC3houldbeldonsistentChindOnustCEonformOoheOnternational
conventions.onsequently,dromhe@eginning, dGSMasMeenldlosel yAlignedoEnd
coordinated@vith[dhe[nternationalEarthCRotationCerviceIERS),OhroughfAdopting
largelyfhe[Samel@nalysisStandardsER S[donventions),mhutualepresentationstthe
respectiveldirecting/governingBoards@shlell@segularlSubmissionsA G Sk sultsib
IERS.Buchldlosedinks@nddooperationMetweenheGSEAndEhedER SErelsodirmly
imbeddedhfhediGSMermsldfiReference.

TheRussianGLONASSOystemOsOimilarloGPS ,Fetdifferinghinf8omelimportant
aspects,fhusfiidouldelquiteldomplementar ydbGPSHorAothSeientificdndpractical
applications.[0Forféxample,[ACdombination[dfIGPSEAndOGLONAS SOmprovesatellite
coverage,[zeometryChndCitCkhouldCresultCinCkolutionsCthatChreCbetterCkthanCwith
standalonelGPSCOIGLONASS .OFurthermore,Oinlike[G PSCwhereldn] yCiwodatellites
haveOmallOasereflector), AIOELONASSHatellitesCreldquipped3vithCargeaser
reflectorsCllowingl@asyAndOpreciseCy LRCdbservations,OhusOprovidingCMdirectOlink
betweendhe[3 LRAnNdGPS/GLONASSHechniques. GLONAS SEHatellitesthaveldrbits
that[dre[dlsoSufficientlylIlbwerlthanlfthe[PS[drbitsSolfhatfheyldoMotSufferfromlthe
deep,2:1@esonancevithCEarthotation;AhusmGLONASSEdanOignificantlyCénhance
GPSOolutions@AndMdrbithimprovementEtudies.ForlthesedeasonstAnd¥incelfherekd
considerablel@xpertiseldonnectedvithfheOnitiationEndCdperationfd OGS G CsCdnly
logicalCkthatOIGSOwouldCtakeOpartCinO0GLONAS SOobservations,CmonitoringCland
applications.OACkenerallronsensusCbeemsCtoCbeHevelopinglthatttheAGSCkhould
incorporate,[fhkeldartlih [drdctivel yldooperateldithE@GLONASSEervice .[ThisOkOvhy
IGSEk@EIsodosponsoringfhelhternational lELONASSEx perimentIGEX).[ThedGEX
campaignHasistartedldnCI8[Mctober998 [Andill[dontinue@tIEastdorthreelthonths.
ItsEAGbint@rojectldflihelommission@nfheoordinationfd{f3 pace[T echniquesor
GeodesyOandOGeodynamicsE( CSTG),OthedIGS ,OtheOIER S ,OandOtheOInstituteClof
Navigation{ION).CBeeC@heOvebDdite:Chitp//lareg.ensg.ign.fr/IG EXCXorOmoredletail
information[dnGEX.

IGSMRGANIZATION

IGSOkEAOVorld-wideldo-operativeldffortfdffhanyllmorelfhan[J0)EAgencies, [dperating
continuouslyChboutl2000permanenttIGPSEtations{Fig.O )OhatCdonformOoOhedGS
stationCduidelines@nd@tandards. LGPSMata,fhe@ssociatedOnformationf@ndEolutions
are[@ontinuouslyOhadeQvailable[hroughCeverallRegionalEAndlobaldDatallCenters
locatedCbnC3everalTontinentsC{seeCTable ),dolCprovide¥edundancyChndCbptimize
communication/CHatal¥low . [] InCbrderCroTacilitateChlsoCkolutionCredundancyChnd
enhancelproducteliability,dhe[GPSOrackingCtation[dlataldsCdontinuouslyCnal yzed
andOprocessedby3evendGSCAnalysistCenterscd ACs)OhatOproducedheltoreElobal
productsfaflarbit/clock/ER P@nd&tationHolutions.CAdditionally, [fhereOkEAMumberldf
Associate[AnalysisenterscA AC)dpecializedOnCdertainbproductsCdrE@olutions.0For
example,[dheGloballNetwork[ZA ACsCAnd[RegionallINetwork[(A ACsOCproducelIveekly



globallndegionalStationSolutionsh3 INEXHormat;TroposphericCnddbnospheric
AACsOareOproducingCitroposphericClandClionosphericCsolutionCproducts,Cetc.OThe
existenceldfIGS[A ACs@llowsexibilityldndldivesdGShel@otentialfbdccommodate
future@pplicationsAfIGSAatal@ndroducts.[TableAshowsihedGSA CsEAndNomeldf
theGSAACsS.
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Figure.OGS@ontinuousrackingStationM¥etwork[&@s[aflctober1998.

Tabledl.OGSRegionall@ndlobalatallenters

Regional[]Data[|Centers
AUSLIGHUUO00Australian[JLand[JInformation[JGroup,[JAustralia
BRGOOOOOOOOOBundesampt[fiir[JKartographie[lund[lGeodesie, [|[Germany
copc]J0000O00O0GRD/NOAA[JOperational[lDatal|Center, [[NOAA, [JUSA
JPLOO00000000JetJPropulsion[|Laboratory, [JUSA
NRCan[][JJNatural[JResources[|Canada,[]JCanada

IGS[]Global[]JData[]Centers
copIsld0000Crustal[lDynamics[Datal]Information[|System, [[NASA[IGSFC,[JUSA
IeN{IO0000000Institut[JGeographique[[National,[JFrance
sIolJ0d000000scrippslIinstitutionf[Jof[JOceanography, [JUSA

ThedlGSCACT oordinatiorA CC)OkEIsoE@nOmportanttdomponentldfitheormalGS
organizationOdtructureecause[GPSCElobalCnalysesCre[datherldomplexndequire
considerable[dooperation[@ndldoordinationE@mongstGS[AnalysisiCenters.[ThisOkHo
inOparticular,3vhenOheOproductionfdfLdfficialllcombined)AGSObroductsOs@equired.
TheOGSEore[productttombination,Gpecifieddn@hedGSCT ermsCbfCReference,ds
anothermportantfunctionfdfTACC.CTheOirstuthorlServed@she[A CCOortheirst
fiveYears[dfMIGS,[Hinceanuaryd999MimS pringerld flT ODEMA Cashkenldverlthe
IGSOAnalysisCXCoordination.cForCOmore[bntheChnal ysisCkoordinationChndCrelated



developments[SeelfhedextlSectionfdsOlvelllEshe[A CCILdontributionshfhe[1994-1997
IGS@AnnualReportsthttp://igsch.jpl.nasa.gov/overview/pubs.html).

ThelGSentralBureauldCB )ObMHosted@ydetropulsiondlaboratoryl@ PL),ith[Ruth
NeilanChs[Director.OtChrovidesCtheChecessarydogisticalChndCbperationalChupport,
includingfdoordinationf@ndhonitoringldflIGSMetworkdperations;Idompliancelibihe
IGSEStandards;[publicationfdndldistributiondfldeportsiAndthedG S ail;[drganization
offneetings,BvorkshopsChndDpilotDprojects,Cetc. MMMostCbfl3tationOnformation,dGS
products,ublicationsE@ndhedGSMail@refade@vailable@thedMG ST B Archives
(http://igscb.jpl.nasa.gov).

Table@.[Analysis enters@ndAssociate[AnalysislTentersafTlIGS

IGS[]Analysis[]Centers[|(ACs)
cop[UJd000center[Jfor[Jorbit[JDetermination[]in[]Europe, [JAIUB, [|Switzerland
EMR[[]J00Natural[JResources[]Canada,[|Canada
ESA[JJU000European[]Space[]Operations[]Center, [JESA, [J[Germany
GFzJOOOOOGeoForschungsZentrum, [[Germany
JPL000000JetdPropulsion[]Laboratory,[JUSA
NGsUOOONational[Joceanic[land[JAtmospheric[JaAdministration[]/[JNGS,[JUSA
sIofJiidddscrippslIinstitutionf[Jof[JOceanography,[JUSA

Rapid[lService[|Associate[]Analysis[|Centers[](RSAACS)
usNOOUOOOu . s .[INavy[Jobservatory, [JUSA

Global[|[Network[]Associate[]Analysis[|Centers[](GNAACS)
NcLOOOOOOOuniversity[lof[|[Newcastle-upon-Tyne, [JUK
JPLO00000FLINN[]Analysis[|Center[|Jet[][Propulsion[|Laboratory, [JUSA
MITHOOOOOOMassachusetts[]Institute[Jof[JTechnology,[JUSA

Some[Jof[]the[]IGS[[Regional[|[Network[|]Associate[]Analysis[|Centers[](RNAACS)
esiJ00000Geographical[lsurvey[]Institute[Jof[]Japan
cIA[J00000Geophysical[lInstitute[Jof[Jthe[JUniversity[lof[]Alaska,[JUSA
EUR[JUUUOOUEUREF[J-[JIAG[JCommission[]X[]-[]Subcommission[]for[JEurope
000000000 (includes[]1l1[JEuropean[]RNAAC[]solutions)
SIR(OO0O0O00OSIRGAS,[IDeutsches[lGeoddtisches[]JForschungsinstitut,[|Germany
osoJJ00000onsalallspace[lobservatory,[|Sweden
peC00000rPacific[]Geosciences[]Center[[[JCanada

ThebhternationaldiGSHGoverningoardGB )[donsistsdfll Shembersdepresentingdll
the@bovedlGSdomponents,Ohilefhaintaining[®alancedOnternationaldepresentation.
ItprovidesfdontrolfdverAIIOGSHctivities,Ohcludingheormulationfdnd@pprovaldf
thedIGSO ermdflReferencelToR).[TheBahembersldlecttAT hairpersondflihe[[GB
wholkheldfficialdepresentativeldflthe[GS .[erhardBeutlerfiaseenheirstIGS
GB@ThairfAndThristophReigberd i FZMasHucceeded@imidnlanuaryd,[1999.[The
GBUOhitiated[@M@etreattieldOhDecember19970h[NapalValley,[al.cvhichesultedlh
considerable[dnhancementsi@nd@roadeningldfltheG ST ermsAflReferencellueller,
1998).[dhedewlToRMowhhcludeltgularikviewsldflthostGS[domponents,Ghcluding
the[ACs,IDCsEndihe@B.Also,fhede wToRMowldontainhedGSHolicyldnfhedGS
WorkinglGroups@nd®ilotBrojects,@dharterbrA CsAnd[A ACs.[AEimilaridharteribr
DCsOkOh@reparation.[Accuratelndpibldate[ToRProvedibMeldssentialHorIGShh
order{ibldopeWithldverlihcreasingldemands@ndewldpplications.



IGSANALYSISTENTERMOORDINATION

Coordination[d{TIGSCEloballAnalysesOkldssentialdorhe[GSOyroductCEenerationfAnd
improvements.OJAsChCOminimumCtheIGS/A CCholutionChroductsCmustCronformCto
international3tandardsC3uchChstheIER SCY6ConventionscdMcCarthy,[1996).CThe
IGS/ACCkolutionCproductsCnustCbenCktandardizedC¥ormatsCtontaininglChpecified
parameters[@tSpecifiedlSamplingl@ndihustBelSubmittediithinSpecifiedldelays.Since
therelvaso@redecessordbOGS [AllGhese@spectshaddbbeldeveloped@ndEomeldf
themOook[@onsiderablefdffortCAndldiscussionsCAmongstAIICACs.LThough,Oollowing
theCéxampleBetlbydheOdER SCAndGtsOpredecessors,nnovationCanal ysisChpproaches
have[beenChndChreCencouragedCbydGS .CAIICA CsChreequireddoCprovide3tandard
documentationldfftheirfgrocessing@pproaches@ndihe y@redlsokquireddbMeepihem
uplibldate.[The[StandardAC@rocessingldocumentationkoldalledfheChction’Oiles )k
maded availableOd attd thed 1GSO CcBO Archives
(http://igscb.jpl.nasa.gov/center/analysis/center.acn).Mowever,thedimel yOlpdatesCaf
thectionlesMasMeenldnl y[PartlySuccessful.

DevelopmentldfiStandardize@brmatsibok@donsiderableldffort.[ ThoughSomeormats
and[dataMamingldonventionsredatedfheldfficialdGSEAndldouldBedeadilyl@dopted,
suchChsCkheCSP3CkatelliteCorbitt¥ormatCd Remondi,[1989) dhe[RINEXOAReceiver
IndependentExchange).mMowever,[dompletel ylew@ormats@nddmplates,[duch@sthe
ERPOormatftp.//igscb.jpl.nasa.gov/igscb/datal/format/erp.txt),dhe[3INEXSoftware
Independentxchange)dbrmat@ndfheldctiondiledbrmMadibBeldeveloped.

Bydar,@hebmostOiifficultChndCtomplexaskOvasCihe[levelopmentChTihe (B INEX
format.[ThisormatOlvasirsttproposedhMarchC1996Mythe[I INEXWorkinglgroup
led@y[G.Blewittdnd@fterldonsiderableldiscussions@mongst@IICA CsOtasE@dopted
byOIGSOinOJulydd199600(http://igsch.jpl.nasa.gov/igscb/data/format/sinex.txt).dThe
SINEXOormatHttemptsbpreserveStation@ndER PEHolutionsbhE@dompletehanner,
includingfihe[dccupancy,Mardwarel@nd@olutionOnformation@sOvell@sothE@Mriori
andCA0posterioril¥ariance-covariancelnatrices. dtOsO3tructuredCnAormEdfT3pecific
ASCIIlocks,Avhich@3houldOhakelk[@1soAdaptableMoLdtherdpaceliechniquese.g.,
SLR).O¢fdontainsEufficientbhformationdordemoval@flthe@PrioriGhformationlle.g.,
datumnd/orgparameterfdonstraints)dhusfllowingfheleconstructionfdfliheldriginal
(usuallyChearly3ingular)Zolutions.On3heFallCh il 996 ,3heFesponsibilityCYorlihe
SINEX[development@ndihaintenancellasransferreddbihe®rojecttdnloordination
andombination[dfCH pacellGeodeticCAnalysisClchairedy[T.HerringldffMIT).LCThe
SINEXObrmatMasHeenldlsolddopted@ydER SObrIT'R FlSubmissions@siyell@sObrithe
[ERSOtimeOseriesOpilotOprojectCd(http://lareg.ensg.ign.fr/ITRSTS/appeldoffre.html).
DespiteldflAMustain[@ffort,AndOheldapabilityCdfL INEX OheldffortCdffldocumenting
andGStandardizingfhe[A CStation[SolutionsasMeenldnly[PartiallylSuccessful.[Station
information,Buch@@sAntennallypefAndidffsetbproblems/conflictsthavelotbeenully
eliminated.Suchldonflicts@redhrgel yksponsible hy, EtlhisHme,fherelstillGkMotEn
officialIGSEtation[dombined@roduct.Recently,[However,hedGSTB@stablished@
convenient] andO ‘official’Od SINEXO template (IGS.SNX-
ftp:/ligsch.jpl.nasa.gov/igscb/station/generall/igs.snx)OwvithCktation,Chntenna,Greceiver
andCdccupancyC3 INEXblockshatfdreldonsistenttvithCRINEX@ndEtationogiles.
ThisEShouldCgreatly@idOlvith@esolvingihe[SINEXMeaderldonflicts,Hince@IICACsEre
requiredOoOhsedhisOOGS.SNXOemplateCorheCEenerationCHCAIICS INEXiles.[For
applicationsChotCrequiringlCvariance-covarianceChatricesChndOnCbrderToTacilitate



efficienttdommunication,[AlHhe[A CCSINEXilesCAre[@lsomade@vailable@AtODCsn
the[So[dalledfhelShortSINEX@ormatGlersion*.SSC).[Thel3 SCHormatOktenticaldb
theOregularTOSINEX ,OonlyOtheOvariance-covarianceCmatrixOblocksOareClomitted.
Subsequently¥ariantsCdfhe[3 INEXOormatvere@doptedordGSEroposphericCnd
theOlutureCdlockObroductstseelkttp ://maia.usno.navy.mil/gpst.htmiOorTheGhe wldlock
format@ndOhformationldnhedGS/BIPMMimelfilotBroject).

ACOvorkshops,8vithCthemeDpositionCpapersCpreparedChndistributedCpriorioRhe
workshops,[provedCdoCbedmportantChotConlyCXorlIGSCA Cs,[ind3he G SCproduct
generation,[But@lsodorthelvholedGS.BuchfA COlorkshopshleredimiteddbEbout30
invited@participantsfepresenting[A Cs,[IDCsEnddtherldomponentstdfTIGS.[The[1997
NapalValleydetreattlasfdonfirmedhat,GnMact, G SOQvasOvelIgprepareddoneetew
challenges.[ThisOsC33o0,0ikelyCdhanksOoOheCpasttA COvorkshops.sually,dheCAC
workshopsfhaveesulteddn3ignificantCéhanges,Ghewproducts,hewldeadlines,Chew
referencel@rameltkalization,[dtc.[Allfheseldhanges@lwaysMaveldreatedhorel orkE@nd
newlThallengesCYorltheOA cs,CinChdditionCoCtheirTontinuousCdmprovementsChnd
research.[XTableBlistsClomelofCthedA COworkshopsOandCsomeDofCtheldmain
changes/actionshatesultedd@romihem.RegularfA CHeer/winedDinners,Msuallylleld
duringlthe[A CGlorkshops,@lsorovedib@eerysefullEndidftenMelpeddbdesolved
‘delicate’Ossues.OrheyCwereChlsoChisefulroCbuildChCEonsensusChmongstrA Cs,Cin
particularfduringlfhelhitial(Years[d{lthe[GSAperation.[SuchfCACODinnersOvered™ice
alternativelblthther@requentld-mailldiscussions@mongstfACs.

Tabled:NomeldfthedGSA Corkshops@ndihehain[A CEctions@Endlchanges
initiated[dr@esulting@romihel orkshops

Ac[Qworkshop[llJJ0000Changes/Actions/dates[Jof[]JImplementation
OTTAWA[](0ct[]93)00IGSJorbit/clock[Jproduct[lcombinations[](Jan[]1/94)
POTSDAM (May[195 ) [J0IGSJRapid[lorbit[lcombinations[|directly[]in[]ITRF
UO00000000DODO00000rathexJthan[IBul 1[JA[JERPJalignment[](Jun[]95)
SILVER[|SPRING (Mar[]96)[]IThe[]June[]30/96[]‘Great[]Divide’[Jincludes:
O00000000000000000sub-daily[JpM, [JPMJrates, [Jboth[JIGS[JRapid[](22h)[J&
to00oo0dooo0dtodddresFinal[j(11[]days ) [Jorbit[Jcombinations[]directly[]in
O0000000000000000O0zITRE, J1Gs[JPrediction[](IGP)[Jcombinations, [JITRF94,
J000000DOD00DOO0O0zIGsOrapid&JFinal[Jcombined[JERP[Jproducts, [Jetc.
DARMSTADT (Feb[]98)[JITRF96[](Mar[]1/98) ,[]Tropospheric[]jcombined[]product;
O00000000OD00OO000O0new]ec Lock[J&[JERP[] (version[]2 ) [Jformats, [Jnew[]IGS[JRapid
J0000000000000000O0deadline[](17h) ,[Jinitiation[Jof[Jthe[Jnew[]Jrealization
UO0O000000DOO0O0000e£0ITRE (July-Dec(]98) , [Jetc.

TheGSalizationsIdfITR FlHavelsoequiredldonsiderableldoordination[@ndldffort
on[heGartCdfhe[ACs.C.OBoucher@ndZ.[Altamimild{fheOTR F$ection[dfTIER S
extendeddonsiderableelp@ndldooperationdbGS.[ThedirstfhreeT R Fdealizations,
ITRFO2[dromMan2/94), TR FO3[romManl/95)@EndTR FO4[fromdune30/96) G ere
accomplishedCbyXixing[brTonstrainingCtheATRFbositionsChndCvelocitiesChfTh
carefullyChelectedChetCb Tl 30k tationsCvithCnultitechniquelTollocations.CThe[atest
realization[dfITRF96,0hichCWas@doptedldnMarchdl,[1998 itilizeshuchhrgerSet
of[d70OTRF96L8tations.[This[dtation[doordinate/velocityldetvasHelected@fterfdareful
analysesfndldiscussionstdmongstAlMEheMGSACs[Auring1 99 7@nd998AndOI AV as
foundOoeldonsistentCtCAlewnmObrecisiondevelK oubalatal. [ 998;CAItamimi,
1998).[The[@7OITRF96I3SC/SS VIdfficiallSetOb@vailable[infhelshortC3 INEXMormat),



fromOd theOd 1GSO CcBO Archives:
fttp:/ligscb.jpl.nasal/gov/igscbistation/coord/ITRF96_IGS_RS47.SSC.

SinceOulyd 998, OnpreparationdoriheChe wdGSOealizationCofATR F,AIICA CCFinal
solutionSubmissions@reMasedldnbhinimumidonstraintsfhatOhurn@reMasedldnlihe
aboved7OITRF96L&tationSet. MHowever,theCA CR apidE3 olutions,[durrentl yldubmitted
withinf@A6Mdelay [StillldmployldonstrainingldrfixingThrgelSubsetsdflthe[d7OTRF96
station[Set.[TheewI'RFkalization,lecommendedByltheDarmstadtfposition[paper
#3K oubaldtdl.,[1998) OkIbMeMasedldnfhee wGS[AombinedStation/ERPIIINEX
product.[ThedGSESINEX@roducthkibMelasedldn@dombination[dfllEN A ACIINEX
solutionsdor3tationOpositions,FelocitiesCAndOER P ,Oproperl yGttacheddoOheldfficial
(i.e.,dTRF96)akferencedame.

AlICACsChavelbeenC#xtendingCaCreatCe fforttdoC3ustainCdontinuousCElobalCnalyses,
while[StilldhanagingdignificantesearchMctivities.[Thel[dreatOimprovementshadeBy
mostfACsObSeenfhigure,fheBestlA Cs@reMow@pproachingl@nldrbitidmsid{ldnly
aboutOLdmAnd@d]lockmmsnotiShown)d{dboutOl Ms.[ThedG SR apidldombination
(IGR)OkAEIsoShownOhfheFigureR.OkOk@emark ablefhatfhisOIGRProduct,vhichOk
regularlylfroducediithindbssfhan4h,[Showskliabilityl@ndfrecisionldomparableib
theDestFinalCA CHolutions,Ghparticular@ftertMarchCd 998MGPSW eekM947)Evhen
ITRF96MasMeen@dopted@ydGS.
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Figure2.0W eighted[@MrbittRM S ithMespectibihedGSHinalDrbit
Combinations,[startingldnNovemberd4,[M993[GPSW eek723).

IGSOMBINEDERODUCTS

PerhapshelhostHignificantGmpactldnfhedGSACOrecision@ndXeliabilitylAasBeen
realizedluedodegularCtomparisonsChinddimely¥eedbackronnectedOvithOhedGS
orbit/clockl@ndOFR Pldombinations.O3trictlyldpeaking,OtOkOl legalEbldombineladjust)
solutionsOhatCAreMargel yrbasedConhe3ameldbservationalCdlata.CHowever,OhedGS
experiencelduringfheirstOive¥earshasidhownlhatduchOillegal’[@ombinations,hin
fact,denddobeOnorebprecise,eliableEnd@obusthanfhelndividualCACEolutions.
ThisOsCherhapsCHueCtoCtheTactCithatCAGPSCElobalChnal ysesChreCromplexChndChe
differences@mongsttACHolutionsikndibMehavehndomlyldvenivhensingfhedame



orfldompatibleCpproachesCnd/orEoftware.dHowever,[duchldrbittdombinations,[éven
whenBased[dnhrgel ylsameldatalskillSatisfyldquationsidflthotion[Beutleratdl. ,[1995)
and[skillfdiveldtkalisticldorrelationthatrix.

Dependingfdn[precisionfdnd@vailability,[herefrelfhreeldistinctIGSdrbit/clockfAnd
ERPI@ombinedroducts,Mamel yhedlGSMHinall@roducts,[@vailablelithinl 1[days,fhe
IGSMRapidIGR )Groductsldurrentlyldvailablelvith[Aldelay[d{fdnlyd 7MRoursi@ndihe
IGS[PredictedGP)Arbittdombinations@vailablebh@ealdime.[Thelhostidccurate@nd
definitive[@relthe[GSMHinalldrbit/clock/ERP[dombinations;fheyldre[Basedldnfheinal
ACHolutions.[AllOhedevenCA Cssee[T able )Are[equiredolubmitOveekly,[As@
minimum,fheirinalldrbit/ER PEsA ell@sfheldorresponding&tation@ INEX[Solutions,
withinO 10dlays.[TheBevenFinalCA CLorbit/ ER PEolutionsCindive[A CLFinaldlock
solutionshlIMButNGSEndESIO)EreMsedieekl ybihfheMGSMHinalldombinations.Note
thatfhe[A CIdlockSolutionshccordingibihe[AC/A ACharter)ErecommendedBut
notCmandatoryCYorlTThoseCJA CsChatChitilizeCHoubleifferenceddIGPSCbbservations.
Furthermore, 3inceOduly®8,ChlICA CCFinalCbrbit/ERP/clock3olutionsChreOnternally
consistentf@ndBaseddnhinimumI TRF96btational )[donstraintsdnly.

ThedlGRIrbit/ERP/clockldombinations,ivhich@reldurrentlyld anuary1999)Groduced
within(7MG{Thedhstldbservation,[tilizeldight[drbit/ER PIthe[A C,[@lus SNO)@End
fiveCACLdlockolutionsCOD,ONGS ,[310MoMmotidubmitMapididlockHolutions).LThe
ACCRapidBolutionsChre[dypicall ytbasedCdnOessOBtationCdlatalChindChsuallyOncludeh
numberbTTonstrainedCbr¥ixeddDITRF96 tationCpositions. CNoCACR apidCBINEX
station[kolutionsChreCrequiredClandCkubmittedCkoCIGS .OTheOIGSOPredictedDorbit
combinationsflse[ix[CACOredictionsdf24bA8MoursNGSMoesMotParticipatelin
IGP) OhatCreOisuallybasedCodnheitCd{ThedourbGprecedinglA CLaTIGRdail yCdrbit
solutions.dGPMsefhedER SIBullCAMR Predictions,@ndE@re[froducedE@boutidne@our
beforelfhelStartldfltheldurrentldaylSofhatfhey@re@vailabledbGSMsersMordeal@me
applications.

Table[d.[TurrentGSTombinedNolution@roducts
Product[J00000Avail . J0000intervalQ0UO000O00O0O0Precision

Orbits&clocks orbits clocks
Predicted[|[J[JReal-time[][J00150min 000000050 0cm]]1150[]ns
Rapid[J000000001 70r0000000001 50min000000001 00cem00. 5(ns

Final[(J{00000001 1040000000001 50min00000000050em00. 30ns

1GSDtationBositionsthoddndfficialIG St@roduciiet)
MWVeek1ySol . MMM -4 5 e ek s TIITIMIINTCG 2 y s TS - Sthm

Earth Orientation param. rate/LOD
Rapid[IPMI000001 700000000001 04000000 « 2(0mas(]. 4[Imas /d

|l
Final[|PMO0000 104000000000 04000000 - 10mas(]. 2[Jmas /d
Rapid[juT(/Lop[]170h0000000001 04000000 - 300ms[. 06[Jms /d
Final[JuT(]/ToD[]1 1040000000001 04000000 050ms(. 03[Jms /d
Tropo ZPD 2-4 weeks 2 hours 4 mm

BroadlyQpeaking,TheGS[dombinedproductsfdanBe¥iewedAsCAOeferencedystem
withOhessociatedOmbeddedOeferencedrames.C3uchCAeference@ystem3houldbe
consistent,[@recise@ndkliable.3incellul y(1998hereMave@een@ldoncentratedldffort



byQIIACsOb@roducendhaintainfdonsistenciesldmongstariousCA CHolutionsE@nd
submissions.[The[durrentdlisttdflIGSI@ombinedObroducts;Mheirbprecision,[delaysCnd
samplingl@reMstedhlfhe[Table[d.

CONCLUSIONS

ACLCroordination,[ACOiscussions/cooperation,ChindCthedGSCproductCtombinations
havelesultedOinOnprecedenteddmprovementsCdfprecisionf@ndeliability[dfThe[AC
andGSHombinedSolutions.RegularfA COlvorkshopsavelhitiateddewProducts@nd
changeslthat[BelpediblSetiewldirectionsl@ndlStrategiesdbrIGS .OLikely,fheldxtensive
ACOesearchCffortChndvisionChreC@heOmainCreasonOvhydGSChppearsCioCbeOvell
positionedoEccommodateewldemandsAndOpplications.C3omeldfTihe@bovedGS
experiencel@nddevelopments,[Such@sOGSHroducttdombinations@nd@eedback ITRF
realizations,[formatsChsCwellChsCHocumentationCfTOACOprocessingCmayCbelChlso
applicableibihedewSLREAndIVLBI ervices.

ToltheetfheMutureldemands@ndibSupportlPSEpplications, [AMewT' R Fiikalization
andERPdombinations,[donsistentfdndBasedldn@Me wiGSIdombinedLStation[froduct,
willavedbMednplementedihMearfuture.[Also,Obheetfheldhallengingl@pplications
of(LowlEarth[Drbiter{LEO)CApplications,[heCdGRObroductsBvillChavedobelinade
available[dvendoonerthanmow, OvithinEAe wlours@ndvithEAOhoreMrequentldlock
samplingfhanOhel¢urrenttd SCminute3amplingCbTihedGS/IGRFombined3atellite
clock[dorrections.
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